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Data on training of competitive athletes and the inflammatory
response, and, more specifically, the utility of psychological
inventories to monitor this response in regards to overreaching is
limited. The aim of the present study was to investigate the associa-
tion of the Perceived Stress Scale (PSS) and inflammatory markers
in elite rowers. Eight rowers (males n = 4; females n = 4) were
monitored over an 8-week training period, comprising 12 sessions
each week and training an average 3.11 h·d-1. Training volume
was periodized weekly while intensity was maintained throughout
the study. Perceived stress was measured weekly pretraining, and
capillary blood samples (500 mL) were taken post-training. Significant
associations between perceived stress and cytokines interleukin-6
(p < .05) and tumor necrosis factor alpha (p < .05) were observed.
While further investigation of the role of cytokines in the overtraining
process is required, these data provide preliminary support for an
association between perceived stress and the inflammatory
responses to training.
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Necrosis Factor-a
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INTRODUCTION
Improvements in rowing performance generally are obtained by increasing an
athlete’s VO2max and lean body mass via intense endurance training, in order
to achieve higher power outputs during a 2000 m (6–7 min) race (Cosgrove
et al. 1999). It is well accepted, however, that prolonged periods of strenuous
endurance training may increase the risk of athletes becoming overtrained:
“The critical borderline to long-term overtraining in adapted athletes seems to
be 2 to 3 weeks of intensified prolonged training of about 3 hours per day”
(Steinacker et al. 1998). Therefore, careful attention to the organization of
training loads and schedules is required. Muscle adaptation is initiated by
damage to muscle tissue, the severity of which is dependent on the type,
duration, and intensity of exercise. Associated with this muscle damage is acti-
vation of the immune system and the inflammatory response (Tidball 1995),
the objective of which is to repair injury and restore tissue function (Malm
2001). As mediators of this inflammatory response, cytokine release into the
circulation has been the focus of much recent attention (Suzuki et al. 2002).
Nehlsen-Cannarella and colleagues (1997) demonstrated that following
2.5 hours of high-intensity running, plasma Interleukin (IL)-6 concentrations
were significantly increased from starting levels. This elevation of IL-6
remains one of the most consistent findings associated with exercise-
induced activation of cytokine secretion (Lancaster 2006). Ostrowski and
colleagues (1999) examined the cytokine response of 10 male runners to a
marathon race. Results indicated an increase in the proinflammatory cytok-
ines tumor necrosis factor (TNF)-α and IL-1β, as well as a dramatic increase
in the inflammatory responsive cytokine IL-6 following completion of the
event. These changes were somewhat balanced, however, by the release of
cytokine inhibitors and the anti-inflammatory IL-10 cytokine (Ostrowski
et al. 1999). These findings suggested that cytokine inhibitors and anti-
inflammatory cytokines limit the magnitude and duration of the inflamma-
tory response to exercise. These findings were consistent with those of
Weinstock and colleagues (1997), who concluded that activation of the
immune system following an exhaustive exercise test was immediately
counter-regulated by the up-regulation of anti-inflammatory mediators.
Much of the cytokine response to exhaustive exercise has been investi-
gated within the context of marathon and ultraendurance running (e.g.,
McKune et al. 2005; Ostrowski et al. 1999; Suzuki et al. 2000) or triathlon events
(e.g., Weinstock et al. 1997), and therefore may not be directly applicable to the
management of other athletes’ training and recovery programs. Similarly,
Ronsen and colleagues (2002) observed that recovery time between training
sessions affects immune-endocrine responses to repeated bouts of endurance
exercise. Specifically, a greater change in neuroendocrine factors (catechola-
mines, adrenocorticotrophic hormone, and cortisol) following a second bout of
exercise was seen after only a 3-hour recovery period as opposed to a 6-hour
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recovery period in endurance trained athletes. Lymphocyte activation was not
altered by the difference in recovery time. These observations indicate that
certain aspects of the neuroendocrine interaction and function may be increas-
ingly affected if repeated bouts of exercise in a training program are performed
with inadequate recovery between sessions (Ronsen et al. 2002).
Research also has found that negative emotions and stressful experi-
ences can directly stimulate the production of proinflammatory cytokines,
and can contribute to prolonged infection and delayed wound healing,
processes that can fuel sustained proinflammatory cytokine production
(Kiecolt-Glaser et al. 2002). For example, Owen and Steptoe (2003) demon-
strated a significant increase in IL-6 compared with baseline following exposure
to a psychological stressor. It also has been suggested that IL-6 release from
the brain during exercise, may play a role in “the regulation of appetite,
energy expenditure and body composition” (Pedersen and Febbraio 2005,
p. 373) with circulatory IL-6 potentially influencing glucose and lipid metab-
olism (as reviewed in Steinacker et al. 2004).
Therefore, exposure to a variety of stressors triggers the immune system,
which in many ways operates as a sensory organ for the brain. This feedback
loop allows “the activation of the immune cells to produce the physiologi-
cal, behavioural, affective and cognitive changes that are collectively called
sickness” (Maier and Watkins 1998, p. 83). Many of the signs and symptoms
commonly associated with overtraining clearly may be initiated by the action
of these cytokines. Two specific hypotheses have been presented implicating
cytokines in the aetiology of overtraining, namely, Smith’s (2000, 2004) tissue
trauma hypothesis, and Robson’s (2003) IL-6 hypothesis.
The basis to Smith’s hypothesis (2000, 2004) is that excessive training
(high-volume/intensity training) with insufficient rest or recovery causes
repetitive tissue trauma, resulting in the acute phase response, and then
without adequate recovery, chronic inflammation. This state would be
associated with “elevated levels of circulating cytokines (IL-1β, TNFα, and/
or IL-6), which would interact with various systems of the body, and which,
it will be argued, may account for most of the signs and the symptoms that
previously have been associated with overtraining” (Smith 2004, p. 187).
While empirical research investigating the application of this hypothesis is
limited, initial efforts to explore the relationship between alterations in
plasma cytokines and overtraining have yielded mixed results.
For example, Halson and colleagues (2003) investigated the effects of
intensified training on plasma cytokines and other immunological variables in
eight male endurance-trained cyclists across a 6-week training period. Follow-
ing 2 weeks of normal training, the cyclists completed 2 weeks of intensified
training, and then 2 weeks of recovery training. Results indicated there was a
significant decline in performance, which was associated with disturbances of
mood state following the intensified training period. No significant changes,
however, were observed in resting TNFα or IL-6. It was concluded that
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alterations in cytokines did not appear to be related to the decline in perfor-
mance and mood states during a period of overreaching (Halson et al. 2003).
Smith and colleagues (2005) presented a case study, where a junior duath-
lete was evaluated over a training season to determine whether serum cytokine
levels (IL-1β, IL-6, and TNF-α) were associated with overtraining, and whether
there was an association between mood state and cytokine levels. Blood
samples were taken at the start of the training season when the athlete was
healthy and training well (T1), and then again 8 months later, which followed a
disappointing international competition (month 7), an inability to train at her
previous intensity/volume, and persistent infections and allergies (month 8).
Levels of IL-6 appeared to be the most sensitive measure to change in health
state, with resting IL-6 approximately three times greater at month 8 than it had
been at the start of the season. At this time, results indicated that the athlete
appeared to be suffering from severe depression. It was concluded that an
association between cytokines and overtraining remained unclear; however, a
causal relationship between IL-6 and depression was proposed by the authors.
In an extension of Smith’s hypothesis involving excessive cytokine release
in response to exercise causing a sickness response and a chronic inflammatory
state, Robson (2003) proposed that time-dependent sensitization, with increased
production of and/or intolerance to IL-6, could provide a model through which
the aetiology of overtraining may be explained. Increased IL-6 concentrations
have been implicated in behavioral changes during both physiological and
psychological stress (Armstrong and Van Heest 2002; Owen and Steptoe 2003;
Pedersen and Febbraio 2005). Robson-Ansley and colleagues (2007) demon-
strated that an acute period of intensified training induced suppression of the
innate immune system and a chronic elevation of IL-6 among eight highly
trained male triathletes following 2 weeks of intensified training. These changes
were associated with an increase in fatigue and general signs of malaise.
The utility of measures of perceived stress to monitor the inflammatory
response to training in regards to overreaching among competitive athletes
however, is yet to be comprehensively addressed. It is known that physio-
logical and psychological disorders are associated with the release of cytok-
ines, and that high self-reported stress levels have been shown to be
predictive of overreaching (Hooper et al. 1995) and overtraining (Mackinnon
et al. 1997), even when the stressors were not directly related to training
(Mackinnon 2000). Yet, measurement of both perceived stress and cytokine
levels within a population of athletes training for elite competition has not
been widely reported. Therefore, the aim of the current study was to explore
the possible association between perceived stress and selected indices of the
inflammatory response following periods of intense and prolonged endur-
ance training during the preparation period prior to the 2006 Rowing World
Championships in a male and female coxless quad crew. We hypothesized
that both measures of perceived stress and the proinflammatory cytokines
would be positively associated with periods of intensified and prolonged
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
0:
10
 1
9 
No
ve
mb
er
 2
01
0
116 L.C. Main et al.
training. In addition, it was expected that there would be a significant associ-
ation between measures of perceived stress and the cytokines.
METHOD
Participants
Eight athletes, four male (Under 23 crew, age = 20.2 ± 0.5 y) and four
female (Junior crew, age = 17.7 ± 0.5 y), from the national rowing squad
were monitored over an 8-week training period prior to the 2006 Under 23
and Junior World Rowing Championships. All athletes had been rowing at a
high level for at least 4 years and were free from injury and illness during
the study period. Approval for the project was obtained from the University
Ethics Committee for human research. All participants received written and
verbal explanation of the study informing them of the risks and benefits
associated with participation. Written informed consent then was obtained
from the participants prior to commencement of the study.
Testing Procedures
The study commenced a fortnight after squad selection and continued for
8 weeks until the squad travelled to Germany, a fortnight prior to the World
Championships. Athletes followed the training program set by their coach. All
testing was performed in each training week at the last morning training session.
On arrival, participants were administered the Perceived Stress Scale (PSS; Cohen,
Kamarck, and Mermelstein 1983). Capillary blood samples (50 μL) were taken on
the same day 30 min after the rowers finished their session on the water (weeks
2, 3, 5, 6, and 7 only) and were later analyzed for cytokine levels. Due to the
athletes’ training program, as well as commitments outside of rowing, it was not
possible to take more samples at, for example, 3 and 6 hours post training.
Training Program
Athletes completed 12 training sessions each week, eight of which were on
water rowing workouts. The remaining four sessions consisted of a combina-
tion of weights, ergometer, and running training. With the exception of the final
2 weeks of the training program, when the athletes tapered, average training
duration was 24.8 h·wk−1. This equated to an average 3.54 h·d−1 for the first
6 weeks, with an average 198.7 km·wk−1 rowed on the water each week. In
week seven the athletes completed an average 2.44 h·d−1, while during the final
week an average of 1.8 h·d−1 was completed. Approximately 80% of the training
was endurance based, while the remaining 20% consisted of work at lactic
threshold intensity, with some maximal sprint efforts also performed for working
on starts and finishes. The athletes trained 7 days of the week; however, they
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had one accumulated day off, with no training Sunday afternoon or Monday
morning. Training volume was periodized on a weekly basis; however, training
intensity was maintained constant throughout the entire study.
Perceived Stress Scale (PSS)
The 10-item PSS was administered to assess the degree to which situations in life
were perceived as stressful. The PSS is suggested as a tool for examining the role
of nonspecific appraised stress in the aetiology of disease and behavioral disor-
ders and as an outcome measure of global stress experienced (Cohen, Kamarck,
and Mermelstein 1983). Previously, the PSS has demonstrated significant differ-
ences between severely overtrained and healthy athletes (Hynynen et al. 2006).
Blood Sampling and Cytokine Analysis
Capillary blood samples were taken from the fingertip into a 1 ml microtainer
coated with K2EDTA (Becton Dickinson ref: 365974). A heat pack was applied
to the area prior to sample collection to provide general warmth and aid blood
flow. Following each testing session, all samples were centrifuged for 10 minutes
at 3000 rpm, and the plasma was separated and frozen at −80ºC. Upon comple-
tion of the study, various cytokines (IL-1 β, IL-6, IL-8, IL-10, IL-12p70, and
TNF-α) were quantified simultaneously using a Cytometric Bead Array Human
Inflammation Assay kit (CBA Kit: Becton Dickinson). These assay kits provided a
mixture of six microbead populations with distinct fluorescent intensities and
were precoated with capture antibodies specific for each cytokine. All had inter-
and intra-assay variabilities of <10%. Analysis of the cytokines was done accord-
ing to the instructions of the manufacturers using FLOW cytometry.
Data Analysis
To ensure homogeneity of the data, log transformations were performed
where necessary prior to statistical analysis. To examine the effects of time,
training duration, and training volume on cytokine response, a series of
two-way ANOVAs were performed. First, cytokine measurements were
tested for the effects of “time” and “subject”; then effects of “training dura-
tion” and “distance rowed.” These analyses then were performed for PSS
and, last, for effects of each cytokine and gender on perceived stress.
RESULTS
Data are presented in Table 1 as means ± SD. The cytokines IL-10, TNF-α,
and IL-12p70 recorded significant changes with time (p ≤ 0.002). These all
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peaked at week 6 prior to commencing the taper, as did IL-6; however, its
change was not significant (p > 0.05). Concurrently, IL-1β was at its lowest at
this point, although it also did not change significantly with time (p > 0.05).
In regards to training factors, IL-10, TNF-α, and IL-12p70 all increased
significantly (P ≤ 0.001) with increases in training distance (km.wk-1). IL-10
was the only cytokine to be affected by training duration with a significant
increase found (p < 0.001). There was a significant interaction effect
between training distance and training duration, for all cytokines except Il-1β
and IL-6 (IL-8: p = 0.004; IL-10: p < 0.001; TNF-α: p = 0.001; IL-12p70: p = 0.018).
There was a significant change in perceived stress over time (p = 0.01),
peaking at week 3 and then declining until the athletes left for the world
championships, where there was a slight, although nonsignificant increase,
for week 8 from week 7. Results indicated that PSS was significantly affected
by increases in training distance (p = 0.013) and training duration (p =
0.029), although there was no significant interaction effect.
In terms of an association between the cytokines and PSS, both IL-6
(p = 0.043) and TNF-α (p = 0.040) had significant associations with mea-
sures of perceived stress. There were no further significant associations
between PSS and the other cytokines measured (IL-1β, IL-8, IL-10, and
IL-12p70). Additionally, there was no effect of gender on measures of PSS.
DISCUSSION
The results of these analyses indicate that there was a significant association
between measures of perceived stress and the cytokines IL-6 and TNF-α. Fur-
thermore, both the PSS and a select group of the inflammatory markers (IL-8,
IL-10, TNF-α, IL-12p70) significantly increased in association with increases in
training duration and distances rowed. Yet contrary to expectations, there
were no significant changes between IL-6 and TNF-α and training factors. The
effect of overload training and cytokine production has not been studied
extensively, and past results are conflicting. In the current study training vol-
umes were varied week by week, with one main prolonged block of
increased training load (testing weeks 4 and 5), where, given the recommen-
dations of Steinacker and colleagues (1998), the athletes were at risk of over-
training. The critical borderline to long-term overtraining in adapted athletes
seems to be 2 to 3 weeks of intensified, prolonged training about 3 h·d−1, and
these athletes were training between 3.1 and 3.7 h·d−1 for 6 weeks.
The three primary cytokines that have been associated with the inflamma-
tory response to exercise are IL-1β, IL-6, and TNF-α (Smith 2004). Both IL-1β
and TNFα are proinflammatory and are thought to be responsible for the acute
inflammatory response, while IL-6 is a responsive cytokine, with a host of roles
such as regulation of appetite, energy expenditure, and body composition and
appears to act in a hormone-like manner (as reviewed in Lancaster 2006). Yet
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in the current study neither IL-1β nor IL-6 were significantly associated with
time, or any of the training factors (duration, distance, and volume), which is
contrary to both Smith’s cytokine hypothesis of overtraining and the findings
of Robson-Ansley and colleagues (2007). This lack of change is consistent with
the findings of Halson and colleagues (2003) from their 6-week overreaching
study, however, and may be a reflection that the athletes in the current study,
while possibly overreaching, had not reached the stage of overtraining, which
may then have been reflected by changes in these two cytokines.
There were significant changes with time noted for the cytokines IL-10,
TNFα, and IL-12p70; however, these changes should be interpreted with
caution. These cytokines were either below detection or failed to register a
quantifiable measure when analyzed for the week 2 samples and for 50% of
the samples from week 3. Still, there was a significant association between
these inflammatory markers and changes in training factors (training dura-
tion and distance rowed). Further research regarding the role these cytok-
ines may play in the overtraining process is required prior to any
conclusions being made. Notably, these cytokines peaked the week prior to
the commencement of the taper (week 6), which was when PSS was at its
lowest point. While there was no association between IL-8 and the effects of
training duration or training distance, there was a significant interaction
effect of training duration and distance. Little is known, however, about the
release and role of IL-8 during and postexercise. Preliminary data suggest
that IL-8 may have a similar role to IL-6 (Nieman et al. 2003) following a
3-hour run. While considerable evidence exists for increases in muscle IL-6
to be associated with a metabolic “crisis” (Lancaster 2006), further research is
required to more fully understand the biological role of IL-8 during exercise.
Consistent with previous research (Coutts et al. 2007), self-reported mea-
sures of stress exhibited a significant relationship with training volume. The
PSS also was sensitive to changes in training duration and training load. This
finding is consistent with the findings of Kellmann and Günther (2000), who
found significant changes in stress-recovery profiles of German rowers during
high-intensity training periods prior to the 1996 Olympics. Similar findings
were obtained for junior rowers preparing for the 1995 and 1998 World
Championships (Kellmann et al. 2001; Steinacker et al. 2000). Additionally,
Halson et al. (2003) documented predictable workload-related increases in
perceived stress among cyclists during a 2-week period of high intensity train-
ing. Our data concur with these findings, and in an extension of this work,
changes in the PSS here were associated with increases in both IL-6 and TNF-α.
CONCLUSION
These data provide preliminary support for the use of measures of per-
ceived stress to monitor the inflammatory response to training in regards to
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overreaching among competitive athletes. While some researchers have dis-
missed the role of cytokines in the overtraining (OT) process, there is still
much that is unknown, including the effect of overload training on cytokine
release. The actions of and interactions between many of the inflammatory
cytokines need to be further investigated, and specifically in regards to their
role in the overtraining process. Measures of perceived stress as used here
appear to provide some utility to coaches in monitoring their athletes well-
being. The empirical findings of Owen and Steptoe (2003), together with
those of Pedersen and Febbraio (2005) implicate increases in IL-6 concen-
trations with behavioral changes during both physiological and psychologi-
cal stress (Armstrong and Van Heest 2002). Therefore, in consideration of
Robson’s (2003) IL-6 hypothesis of overtraining, monitoring perceived stress
levels appears warranted during future investigations of the inflammatory
response to overtraining in athletes.
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